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ABSTRACT: Although progress within the Space Technology Community remains constant, the dilemma of
demonstrating critical technologies needed for future Space capabilities still exists. While the U.S. Government has
been investing in multiple aspects of space, demonstration of these technologies in a manner that provides distinct
paths to acquisition programs is cursory at best, based on the availability of funding. This paper provides an
overview of the Atlas launch vehicle’s role encompassing the past, present and future, in supporting space
technology demonstrations. The Atlas program has developed a wide range of capabilities in support of critical
space technologies that sustain future war-fighting requirements and science community goals, through the use of
secondary payload opportunities on planned Atlas V launches. It is the intent of the authors to 1) describe the
secondary launch opportunities provided by the Atlas V vehicle, and 2) describe how utilizing existing launch
opportunities, to demonstrate critical space technologies is cost effective and enables future space capabilities to
mature in a more timely manner.
Secondary payload launch opportunities support the demonstration of both the critical U.S. Government space
technologies and also the academic community, to demonstrate technology in a timely manner allowing researchers
and students to observe the results of their work prior to graduation. The Lockheed Martin Atlas V Program is
working with the U.S. Air Force to establish a routine schedule of launching secondary payloads on missions where
sufficient payload margin exists. Multiple mechanisms of providing ride-share opportunities for secondary
payloads, both orbital and sub-orbital, will be available each year. The critical decision within the research
community is to either take advantage of the low cost, regular launch opportunities, or to wait for a dedicated
launch.
In today’s financial situation the U.S. Government, industry, and academia require new methods and approaches to
maintain the U.S. technological advantage in space. Atlas V Secondary launch opportunities provide such a
capability to the space technology community. Utilization of Secondary launch opportunities will accelerate
operational space capabilities.

program, the current Atlas V suite of configurations is
the most reliable and capable family of vehicles to date.

ATLAS OVERVIEW
Lockheed Martin and the Air Force jointly developed
the Atlas V Launch Vehicle as part of the Evolved
Expendable Launch Vehicle (EELV) program
beginning in 1994. The EELV program was developed
as an affordable alternative to the existing Atlas, Titan
and Delta II launch systems, while improving
reliability, operability, and reducing recurring costs.
Atlas I, II and III and Titan vehicle configurations have
been retired leaving the Atlas V family of vehicles
remaining to meet launch demands. The current Atlas
V family builds upon the extensive and successful
heritage of the Atlas family of vehicles as shown below.
With 79 consecutive successful launches in the Atlas

Atlas has a rich history in the launch business; with
over 488 successful flights in 49 years, we have
developed the most capable and reliable family of
launch vehicles available. After the EELV program
was announced, Lockheed Martin took an evolutionary
vs. revolutionary approach in developing our current
Atlas V system.
The Atlas V vehicle allows for increased capability
through the addition of solid rocket motors, and
multiple payload fairing options, either 4 or 5.4 meter
diameter of various lengths. There are also several
configurations offered: medium, intermediate, and
heavy lift. All configurations use standard payload
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Figure-1, Atlas Vehicle Evolutionary Development

Figure-2, Atlas V Vehicle Configurations
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Each of these concepts is discussed in further detail
below.

interfaces offering flexibility in a single family of
launch vehicles to meet mass-to-orbit requirements for
all missions. By using common elements within the
Atlas V family, true cost savings are realized.

EELV Secondary Payload Adapter (ESPA)
ESPA is a structure developed by the Air Force
Research Laboratory (AFRL) and SMC Det 12/ST to
provide transportation for up to six SPs on either Atlas
V/EELV or Delta IV/EELV launch vehicles. ESPA is
installed between the EELV standard interface plane
and the primary payload. ESPA provides all required
thermal, mechanical and electrical interfaces to the
secondary payloads. Secondary payloads are deployed
post primary launch vehicle separation on a noninterference basis. ESPA secondary payloads are
limited to 400lbs each with dimensions of 24 in. X 28
in. X 38 in.

The common mechanical, electrical, and environmental
payload-to-booster interfaces are an industry first,
bringing with it a standard 24-month integration
timeline, common checkout and mate procedures, and
payload substitution capability in the order of a few
weeks instead of months. In addition to reducing
integration timelines by up to 50%, the standard
interface also establishes a civil/military baseline for
satellite design, providing further opportunities for
reducing payload development costs and schedules.
The Atlas V family of vehicles has modular increasing
capabilities, as shown in Figures-1 and -2, with an
explanation for the vehicle numbering schemes
associated with each.

CSA, from Mountain View CA, produces the ESPA
Ring for the AF EELV Program.

The Atlas V family, through the modular design and
high performing common core booster engine provides
excess performance on the order of hundreds to 11,000
lbs. for many USG launches currently manifested, thus
enabling the secondary payload community multiple
opportunities to fly.
ATLAS V SECONDARY PAYLOAD
CAPABILITY
Lockheed Martin has been working with the Air Force
Space and Missile Systems Center (SMC) to investigate
secondary payloads on EELV missions that have
adequate margins. The end goal is to regularly fly
secondary payloads with scheduled USG payloads that
have excess payload margin.

Figure-3, ESPA Ring (Photo courtesy of CSA)
The first flight of an ESPA will be on STP-1 which
flies in Nov. 2006 on an Atlas V 401 vehicle,
performing 3 on-orbit burns. The mission primary is
the Orbital Express (OE). The ESPA will carry 5 SPs:
MidStar-1, NPSAT1, STPSat-1, CFE, and FalconSAT3. The OE and the MidStar-1 separate at 492km
circular, 46 deg inclination. Following OE separation
the Centaur will perform a 3rd burn allowing the 4
remaining SPs to separate at 560 km circular, 35.4 deg
inclination. The figure below shows the STP-1 stack
configuration. OE separation uses the Motorized
LightBand (MLB) separation system. Each SP uses the
Standard LightBand (SLB) separation system.

The Lockheed Martin Atlas program has been
developing, both under contract and IR&D, multiple
approaches to support secondary payloads (SP) (orbital
and suborbital). These SP's options are at varying
levels of design maturity ranging from conceptual to
flight qualified hardware. These capabilities include
the:
•

Air Force developed EELV Secondary Payload
Adapter (ESPA),

•

Integrated Payload Carrier (IPC),

•

Dual Payload Carrier (DPC),

•

Atlas V Booster X-ternal Payload Carrier (XPC),

•

Type-C Carrier (TCC), and the

•

Aft Bulkhead Carrier (ABC)

The concern at this time is not the ability to fly or
deliver the SPs but rather what happens if one or more
SPs are not ready to go at launch integration. Atlas has
done a great deal of automation to permit the Coupled
Loads Analysis (CLA) to be done in a week instead of
9 months enabling accommodation of late changes to
the P/L manifest. As part of the mission preparation
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work for STP-1, contingency analyses were performed
and the CLA showed that a missing SP has little to no
effect to the launch vehicle. However the primary S/C
has a shift in resonant frequencies around 50 Hz. To
alleviate this sensitivity for the Primary Customer, the
SP policy for this mission is that we will fly a SP
simulated load representing the mass and primary
frequencies at and below 50 Hz for any missing SP or a
substitute SP if it has similar characteristics to the
original SP.

Figure-5, IPC Notional Configuration (C-22, ESPA,
C-22, D1666)
Dual Payload Carrier (DPC)
The DPC allows for two similar payloads to be
launched using a single Atlas vehicle, Figure 6. The
design of the DPC is for use with the 5-m Medium
payload fairing, and will have the capability to
simultaneously carry two intermediate-class payloads
weighing up to 7 kg each. The DPC will be adjustable
in height to accommodate payloads of different heights.
The DPC fits entirely within the 5-m medium fairing
and divides the fairing volume into two payload
compartments.

Figure-4, STP-1 Stack Configuration
Integrated Payload Carrier (IPC)
The IPC concept utilizes existing flight qualified
adapters placed around the EELV standard interface
plane and the primary payload to provide launch
opportunities for SPs that would exceed the weight
and/or volume restrictions of a standard ESPA position,
figure 5. A variety of adapters and separation systems
can be used to accommodate the stack height desire of
the customers. The IPC can be used with the 4 or 5
meter fairings.

The size and weight of the individual payloads are
restricted to the limitations of the Atlas vehicle
configuration selected, 401 through 551 or H:V.
Normally the two S/C are delivered to the same orbit
altitude and inclination, but Centaur has the flexibility
to deliver the 2 P/Ls to individual orbits as will be
demonstrated on STP-1 this November..
The DPC development has been completed through
CDR and could be available in as little as 15 months.

The IPC was proposed for the LRO mission. One of
the variations called for the SP to be placed inside the
IPC volume. Once the primary S/C on the top of the
stack is deployed using a D1666 separation system, the
top of the IPC is exposed to space. Then the internal
SP can be separated using a SLB from the conic nose
section and deployed from the IPC. This leaves the
ESPA to still carry other SPs for the remained of the
mission.
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Figure-7, DPC Truss Adapter Prototype
The DPC structure is made of a lightweight carbon
fiber reinforced composite sandwich structure and
attaches to the forward interface of the 4394 mm (173
inch) Truss Adapter.
To allow the DPC to jettison following forward payload
deployment, the DPC contains a separation joint in the
forward area of the cylinder, near the conic interface.
This pyrotechnic, frangible joint-type separation system
contains all combustion byproducts and debris. After
separation, the DPC forward section is pushed away
from the aft payload by balanced springs; ensuring
adequate clearance is maintained between the DPC and
the aft payload. The Centaur then turns to the required
separation attitude for the 2nd P/L and commands the
aft payload separation.

Figure-6, DPC
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Figure-8, DSC Stack Configuration
Dual Spacecraft Carrier (DSC)
The DSC provides similar capability to the DPC, but
with the feature of supporting smaller payloads and
using the 4-meter fairing, Figure 8. The supporting
hardware uses existing Centaur forward adapter
structures. The separation sequence is shown in Fig. 9.

Figure-9, DSC Separation Sequence
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X-ternal Payload Carrier (XPC)
The XPC provides the ability to demonstrate critical
sub-orbital, hypersonic, or orbital (additional kick stage
required) technologies, Fig 10-13. The XPC connects
to the Atlas Booster using existing Solid Rocket Motor
(SRM) attach points.
Aerodynamically, the XPC has been designed to be
comparable to a Solid Rocket Motor (SRM) to
minimize potential impacts to vehicle control. The
XPC allows for the entire Pod or just a cover to be
jettisoned during ascent. During the ascent of the Atlas
V launch vehicle, the payload, encapsulated within
XPC, will be carried through multiple flight regimes of
interest to the technology community up to an altitude
of 350,000 feet, and a max speed of Mach 14. XPC
initial design provides up to 750 cubic feet of volume.

Figure-11, XPC View Looking Forward Dimensions

The XPC, because it attaches to the Atlas V booster,
allows for more payload weight to be included for each
pound of payload margin available on the vehicle. For
every pound of payload margin that is available, a
secondary payload flown using the XPC can weigh
approximately 8 pounds. The XPC is still in the
preliminary design stage, so specifics on performance
indexes and environments are still under development.

Figure-12, XPC Side View Dimensions

Figure-10, XPC Concept Mount and Deployment
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suites, improved bandwidth fidelity and data integrity,
and operational flexibility. The RocketCamTM is show
below.

Figure-13, XPC Mounting Details
Type-C Carrier (TCC):
The TCC is a reference to the Atlas payload interface
C-Adapters. These ring-sections are produced in
various heights and used as spacers to adjust the
positioning of the primary payload with the fairing.
Each flight carries at least one C-Adapter section which
doubles as a strongback during hoist operations. These
structures are monolithic aluminum with identical ring
fittings on either end. The sides of the C-Adapter and
the internal volume are available for SPs. A Type-C
Carrier is shown in Fig. 15. Since every Atlas mission
already uses a Type-C adapter the TCC provides an
extremely low cost, low impact method to fly SPs on
most Atlas missions. Two potential uses of the TCC
are to carry pPods or RocketPods.

The RocketPodTM can be mounted to the C-Adapter in
various orientations, either looking aft, forward or
tangential as shown below.

RocketPod – The RocketPodTM is produced by
ECLIPTIC, 398 W. Washington Blvd. Suite 100,
Pasadena, CA, Phone 626-798-2436. Ecliptic provides
a variety of small, cost-effective systems for accessing
and experiencing extreme environments.
Figure-14, Ecliptic’s RocketCamTM

One application is the RocketCamTM using the Analog
Video System (AVS) where content can be returned
live or recorded on board for delayed viewing by the
end user. The Digital Video System (DVS) utilizes
advances in video compression and channel coding to
go beyond the AVS and provide enhanced sensor
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Figure-15, LM Type-C Carrier Concept for the
RocketPodTM

Figure-16,CubeSatTM

CubeSat – The CubeSatTM is produced by the
Aerospace Department of the California Polytechnic
Institute (CalPoly), San Luis Obispo, CA, Jordi PuigSuari, PhD Chairman, Phone 805-756-6479. The
CubeSatTM is a deployable nano-satellite that is self
contained, powered by solar cells on the cube surface,
and can transmit data on commercial short-wave band
signals. The CubeSatTM requires no support from the
launch vehicle either from the ground or in flight. As a
result, the CubeSatTM can be integrated long before the
actual launch. CubeSatTM systems have been flown on
the Russian Proton rocket and are currently on-orbit.
The CubeSatTM measures about 10 cm cubed.

P-Pod
The P-PodTM is a carrier mounting and deployment
system for the CubeSatTM also produced by the
Aerospace Deptartment of the California
Polytechnic Institute, San Luis Obisbo, CA. The PPodTM can carry up to three CubeSatTM units in the
same pod. A safe-arm / activation mechanism is
enabled by the Centaur avionics to power a screw drive
mechanism to release the trap-door retaining the
CubeSats. A spring system then deploys them out away
from the TCC. The pPodTM measures about 10 cm x 10
cm x 40 cm.

Figure 17, Pod Deployment System
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Aft Bulkhead Carrier (ABC)
The ABC provides a SP capability completely
independent from the primary payload. The ABC
consists of a shelf that is mounted to the Centaur LO2
tank aft bulkhead. The mounting takes advantage of
existing unused brackets and mounting design similar
to the current helium bottle mounting struts. The ABC
is enabled by the Centaur transition from a 3 helium
bottle configuration to the new 2 helium bottle
configuration, freeing real estate on the aft bulkhead for
the ABC.
Isolating the SP’s and the primary payload provides
payload independence, enabling SP to fly with primary
payloads that may be sensitive to SP. This separation
allows independent integration of the payloads.

Figure-19, SP SIL
SUMMARY
The Atlas V launch vehicle has a proven reliability and
mission success for over 49 years to support the needs
of the National Security Space and the academic
communities. The vehicle high performance and
modular design approach routinely provides excess
margin to support secondary payloads. Lockheed
Martin has multiple ways of supporting secondary
payloads on existing Atlas V vehicles, while providing
cost effective access to space. LM is working with our
government customers to establish policy that will
provide low cost SP ride-share on multiple missions per
year.
ACRONYMS
ABC
CDR
ESPA
IPC
lb
LM
LRO
MLB
OE
P/L
S/C
SIL
SP
SLB
STP-1

Figure 18, Aft Blukhead Carrier
SP System Integration Lab (SIL) Facility
The Atlas Program is committed to supporting SPs.
The SP SIL is a 5000 Sq ft facility, that provides for
integration of SPs, to perform: early engineering,
mechanical match-mate, electrical interface checkout,
and installation/accessibility checks. The SP SIL will
have a Centaur S/C Interface Simulator, C-Adapter
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